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(54)TiUe: SCANNING APPARATUS 



(57) Abstract 

Scanning apparatus which may be used in a real-dme passive millimetre wavelength imaging system or in other radiometiy systems. 
Hie apparatus scans input radiation from a scene and output radiation is transmitted to a receiver system, for example a millimetre wave 
imaging camera or a radar receiver. Tht apparatus comprises a rotatable reflective plate having an axis of rotation passing through Ae 
centre of its surface, secondary reflection means and stadc reflection means, wherein the secondary reflection means is a second rotatable 
reflective plate having a common axis of rotation with die first rotatable reflective plate, wherein the common axis of rotation is mchned at 
a non-zero angle to the normal to the second reflective plate. The nonnal to the first rotatable plate is inclined at a small angle to die 
common axis of rotation, typically a few degrees. In a preferred embodiment, the first rotatable reflective plate also forms the s^ndary 
reflection means. Hie static reflection means may be a polarising roof reflector tiirough which radiation is input to and ou^ut firom the 
apparatus. In this configuration, the apparatus also includes a 45* Faraday rotator or a birefiringent surface such as a Meander-lme. An 
additional Faraday rotator and an inclined polariser may be included in die apparatus and arranged such that radiation output to the receiver 
system may be separated from the path of input radiation. Alternatively, the scanning apparatus may include a reflector lens arrangement, 
such that focused ou^ut radiation may be output directly to die receiver system. The invention also relates to a reflector lens compnsmg 
a first polarising surface, for selectively transmitting and selectively reflecting radiation having a particular direction of polarisation, a 
second surface for rotating die direction of polarisation of radiation dirough substantially 45* and a tiiird polarising surface for selectively 
reflecting and selectively transmitting radiation, wherein the polarisation axis of die fliird surface makes an angle of substantially 45 with 
the polarisation axis of die first sui&ce. 



FOR THE PURPOSES OP INFORMATION ONLY 



Cote used to ktotify States party to tte per on fl» fa»t pages of p«npMete 



AL 

AM Afmeoii 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgfaim 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Bradl 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI C&te d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Deamart ^ 

EE Estonia 



ES 

n 

FR 
GA 
GB 
GB 
GH 
GN 
GR 
HU 
IE 
IL 
IS 

rr 
jp 

KE 
KG 
KP 

KR 

KZ 

LC 

U 

LK 

LR 



Spain 
Inland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Qtccct 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyigyzstan 

Democratic People's 

Republic of Korea 

Republic of Koxea 

Kazakstan 

Saint Luda 

Liecittenstein 

Sri Lanka 

Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SB 

SG 



Lesotbo 



Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 



Malawi 
Mexico 
Niger 

Nethcxiands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 



SI 


Slovenia 


SK 


Slovakia 


8N 


Senega] 


SZ 


Swasdland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


IVinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Slates of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


ambabwe 



wo 98/47020 



I 

Spanning apparatus 



PCT/GB98/00985 



The invention relates to scanning £q)paratus which may be used in a real-time imaging system 
and, in particular, in a real-time passive millimetre wave imaging system. The scanning 
apparatus may also be used in other radiometty systems. 

British Patent No. 700868 (February 1952 - December 1953) describes a twistreflector which 
relates to a similar field as the present invention. 

NCUimetre wave imping is potentially usefiil as an aU-weafljer surveillance and guidance aid but 
any practically usefiil system must be enable of imaging in real-time. This is not possible using 
existing systems. In a millimetre wave unager, radiation fi»m the scene to be scanned is 
collected by means of a concave minor or a lens and is focused onto an array of millimetre wave 
receivers. At present, large two-dimensional arrays of receivers which cover the whole of a 
required image are not available. Instead, a far smaller number of receivers is scanned across tiie 
image in order to build up the complete pictiire. A similar technique is used in some infrared 
imagers (for example EP 0226273). 

Cuirent millimetre wave imaging systems use mechanical scanning of one or several channels to 
syntiiesise an image. Ultimately, electronic scanning and staring array techniques could be 
developed to implement real-time millimetre wave imaging, altiiough there are several problems 
associated witii such a solution. Firstiy, as the wavelengtii is necessarily long, in order to image 
under adverse weather conditions tiie system aperture must be large to gain adequate resolution. 
In some millimetre wave imaging systems tiie input aperture may be of tiie order of 1 m in 
diameter. Secondly, tiie cost per channel is high so tiiat any electronically scanned or staring 
array technique is expensive. Furthermore, in tiie case of miUimetre wave staring arrays tiiere are 
fundamental problems analogous to tiie cold shielding problems encountered in infrared systems. 
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Another requirement of a practical millimetre wave imaging system is that it must be able to 
operate at TV-compatible rates (i.e. 50 Hz for the UK, 60 Hz for the USA). In the infrared, 
scanning systems are often plane mirrors flapping about an axis contained within their surface. 
This is not a practical option in the millimetre waveband as large aperture mirrors would be 
required to flap back and forth at TV-compatible rates, requiring a large change m inertia at the 
end of each scan. 

In infrared imaging systems, where input apertures are typically only 10 mm m diameter, rotary 
systems have been used (EP 0226273). Furthermore, in the infrared, it is usual to employ afocal 
telescopes to match the field of view in the scene to that of the rotating polygon. This is 
impractical in high resolution millimetre wave imaging where the input apertures have 
considerably greater diameters and afocal telescopes would need to be excessively large. 

Any scanning mechanism used in a millimetre wave imaging system must therefore be situated 
in either the object or the image plane. Furthermore, any scanning mechanism situated in the 
image plane must have good off-axis perfonnance. This is difficult to achieve using existing 
technology. 

Another known scanning method used in infrared imagers is a system of two discs rotating about 
axes which are slightly inclined to the normals to their faces. Radiation incident on the first disc 
is reflected at oblique incidence from the first rotating disc and passes to the second disc to 
experience a second reflection. By varjdng the orientation and relative speed of rotation of the 
discs, varying scan patterns can be achieved. Such a two-axis rotating disc system would not be 
ideal for use in millimetre wave imaging, howeva:, as the system would be mconveniently large. 

It is an object of the present invention to provide a compact object space scanning apparatus 
which may be used, in particular, to implement real-time millimetre wave imaging, or in radar 
systems. It is also an object of the invention to provide a scanning apparatus which has limited 
power requirements and minimum inertia and gives good off axis perfonnance. 
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According to the present invention, apparatus for scanning radiation from a scene and for 
generating output radiation for input to a receiver system comprises; 

a fu-st rotatable reflective plate, for receiving and reflecting radiation, having an axis of rotation 
passing substantially through the centre of the plate, wherein the axis of rotation is inclined at a 
non-zero angle 6^ to the normal to the reflective plate, 

rotary means for rotating the reflective plate, 

secondary reflection means for receiving and reflectmg radiation and 

static reflection means for receiving radiation reflected from the furst rotatable reflective plate 
and reflecting radiation towards the secondary reflection means, 

characterised in that the secondary reflection means is a second rotatable reflective plate having a 
common axis of rotation with the first rotatable reflective plate, wherein the common axis of 
rotation is inclined at a non-zero angle 65 to the normal to the second reflective plate. 

The scanning apparatus provides the advantage of compactness. It has minimum inertia and 
minimimi power requirements. The apparatus may be situated at the entrance pupil of an imaging 
camera or receiver and provides good off-axis performance. 

The apparatus may also include a millimetre wavelength imaging camera or a radar receiver. 

The normals to the first and second reflective plates are inclined in substantially the same plane 
and at substantially equal angles to the con[unon axis of rotation and in substantially opposite 
directions. Typically, the angles of inclination 9^, 9^ may be between 1** and 10**. 

The static reflection means may comprise a plane mirror having a reflective surface substantially 
parallel to the common axis of rotation. 
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In another embodiment of the invention, the secondary reflection means may be the first 
rotatable reflective plate. Typically, the axis of rotation may be inclined at an angle of between 1° 
and 10° to the normal to the reflective plate. 

In this embodiment of the invention, the static reflection means may comprise two reflective 
surfaces inclined at substantially 90° to each other. Preferably, the two reflective surfaces form a 
roof reflector, such that the two reflective surfaces are in contact along an apex. 

The apparatus may also comprise a polarising mirror arranged to reflect output radiation to the 
receiver system. The polarising mirror may be a sheet of plastic material comprising a plurality 
of parallel conducting wires, wherein the parallel conducting wires are oriented at substantially 
45° to the apex of the roof reflector. 

Alternatively, the static reflection means may comprise two polarisers, each having a polarisation 
axis, inclined at substantially 90° to each other. Preferably, the two polarisers form a polarising 
roof reflector such that the two polarisers are in contact along an apex and the polarisation axes 
of the polarisers are oriented to transmit radiation having substantially the same direction of 
polarisation, wherein said direction of polarisation is substantially parallel or substantially 
perpendicular to the apex. 

In an alternative arrangement, the static reflection means may comprise a plurality of polarising 
roof reflectors, each comprising two polarisers and each polariser having a polarisation axis, 
wherein said polarisers are inclined at substantially 90° to each other and are in contact along an 
apex. 



wherein the polarisation axes of the polarisers forming each roof reflector are oriented to transmit 
radiation having substantially the same direction of polarisation wherein said direction of 
polarisation is substantially parallel or substantially perpendicular to the apexes. 



• 




wo 98/47020 



PCT/GB9S/00985 



5 



The apparatus may also comprise a first Faraday rotator, situated between the polarising roof 
reflector and the rotatable disc, for rotating the direction of polarisation of radiation through 
substantially 45° each time the radiation passes through the Faraday rotator, 

such that the radiation having a particular direction of polarisation may be output through the 
polarising roof reflector. 

Alternatively, the apparatus may comprise one or more birefiingent surfaces, such as a Meander- 
line, situated between the polarising roof reflector and the rotatable disc, for receiving radiation 
in a state of polarisation, Ps, 

whereby the one or more birefiringent surfaces introduce a substantially 90^ phase shift in the 
state of polarisation, P^, each time radiation passes through the one or more birefiingent surfaces, 
such that radiation having a particxilar direction of polarisation may be output through the one or 
more polarising roof reflectors. 

The apparatus may also comprise means for selectively transmitting radiation input to the 
apparatus having a particular direction of polarisation and for selectively reflecting radiation 
output from the apparatus having a particular direction of polarisation to the receiver system. 

For example, the apparatus may comprise; 

a second Faraday rotator for rotating the direction of polarisation of radiation output from the 
polarising roof reflector through substantially 45^ 



and may also comprise a second polariser, wherein the second polariser has an axis of 
polarisation inclined at substantially 45^ to the apex of the polarising roof reflector. 
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Alternatively, the apparatus may comprise a lens arrangement for selectively transmitting and 
focusing radiation having a particular direction of polarisation. The lens arrangement may be a 
reflector lens comprising a first polarising surface having a polarisation axis, for selectively 
transmitting and selectively reflecting radiation having a particular direction of polarisation, a 
second surface for rotating the direction of polarisation of radiation through substantially 45*^ and 
a third polarising surface for selectively reflecting and selectively transmitting radiation, wherein 
the third polarisation axis makes an angle of substantially 45° with the first polarisation axis. 
This provides the advantage that radiation output from the apparatus is focussed and therefore 
may be ou^ut directly to a receiver system. The apparatus may comprise two or more such lens 
arrangements arranged in series. 

In this embodiment of the invention, the static reflection means may form part of the lens 
arrangement, for selectively transmitting and focussing radiation having a particular direction of 
polarisation, the apparatus being arranged to provide a conical scanning apparatus. 

In a particular arrangement of this embodiment of the invention the first polarising surface may 
have a substantially flat surface and the third polarising surface may have a substantially 
spherical surface having a radius of curvature, R, and the apparatus may also comprise a detector 
array forming part of a spherical surface having half the radius of curvature of the spherical 
surface of the third polarising surface and being concentric with it. 

The apparatus may also comprise a corrector plate located between the rotatable disc and the 
third polarising surface for removing aberrations arising from an image formed at the detector 
array. 
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According to a second aspect of the invention, a reflector lens may comprise; 

a first polarising surface having a polarisation axis, for selectively transmitting and selectively 
reflecting radiation having a particular direction of polarisation, 

a second surface for rotating the direction of polarisation of radiation through substantially 45^ 
and 

a third polarising surface for selectively reflecting and selectively transmitting radiation, 

wherein the third polarisation axis makes an angle of substantially 45° with the first polarisation 
axis. 

At least one of the first, second or third surfaces may have a curved surface. 
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The invention will now be described, by example only, with reference to the following figures in 



Figure 1 shows a diagram of a conventional rotating two axis, two disc system, 

Figures 2(a) and 2(b) show examples of the scan patterns which may be achieved using the 
rotating two disc system in Figure 1 , 

Figure 3 shows the single axis two disc system of the present invention. 
Figure 4 shows a one disc scaiming system comprising a roof reflector, 
Figure S shows a roof reflector. 

Figures 6 shows a compact one disc scanning systems comprising a polarising roof reflector, 

Figure 7 shows a schematic diagram of a reflector lens which may be used in the scatming 
apparatus. 

Figure 8 shows a diagram of a one disc scanning system, including the polarisation sensitive 
reflector lens in Figure 7, 

Figure 9 shows a one disc scanning system employing a plurality of roof reflector elements. 
Figure 10 shows a near linear open scan pattem, 

Figure 1 1 shows an embodiment of the apparatus which may be used to provide a conical scan 
pattem and 

Figure 12 shows the scan pattem which may be achieved using the apparatus shown in Figure 1 1 . 



which; 
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Referring to Figure 1, a conventional two disc rotating system comprises two discs la, lb, each 
sxipported on a separate axis 2a,2b which is connected to a rotor mechanism 3a,3b. Each axis 
2a^b is inclined a few degrees to the normals to the faces of the discs la, lb. Typically the angle 
of inclination is 5°. As the discs la, lb rotate about their respective axes, incident radiation 4 from 
the scene is incident on the first rotating disc la and is reflected at oblique incidence towards the 
second rotating disc lb where it experiences a second reflection. From the second rotating disc 
lb, radiation may be passed to an imaging or receiving system, typically comprising collection 
optics 5 and a receiver 6 (or receiver array). For example, the receiver 6 may be the receiver 
element of a millimetre wave imaging camera or the receiver element of a radar system. 

The two discs la,lb may be inclined at the same or different angles to the normal to the 
respective disc face and may rotate with the same or different speeds, depending on the scan 
pattern required at the unager. If the two discs la,lb are inclined at different angles to their axes 
of rotation and are rotated at different speeds, a two-dimensional scan pattern will be achieved. If 
the angles of inclination of the two discs are the same, two discs rotating in the same direction 
give rise to a petal scan pattern, as shown in Figure 2a* If the angles of inclination of the two 
discs are the same and the discs rotate at the same speed but in opposite directions an almost 
linear scan pattern may be achieved, as shown in Figure 2b. 

For operation at millimetre wavelengths the apparatus shown in Figure 1 is required to be large 
and, furthermore, is rather complex. It is therefore impractical for use at these wavelengths. 
Referring to Figure 3, a compact scanning apparatus, suitable for use in a millimetre wave 
imaging system, comprises two reflecting plates, for example discs la, lb, supported on a single 
axis 7 passing through the centre of the surface of each disc la, lb, a rotary mechanism 3 and a 
fixed, plane mirror 8. Radiation 4 from the image scene falls onto the first rotating mirror la. 
Any one direction of the incident radiation 4 undergoes a conical scan on reflection and falls onto 
the plane mirror 8. From the nurror 8 radiation is reflected to the second rotating disc lb where it 
is reflected to the collection optics 5 of the imager. From the collection optics, radiation is 
focused to the receiver element 6 of the imaging system situated in the image plane of the 
focusing optics 5. 
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The noraials, n^,n^, to the two discs la,lb make an angle Q^,Q^ respectively to the axis of rotation 
7. For the configuration shown in Figure 3, where the discs la, lb are inclined in opposite 
directions, the direction of the scan is perpendicular to the plane containing both the axis of 
rotation 7 and a normal to the plane of the mirror 8. If the two mirrors are tilted in the same 
direction, rather than in opposite directions, the direction of the scan is in the plane containing 
both the axis of rotation 7 and a normal to the plane of the mirror 8. Typically, the angles 8^,65 
may be between 1^ and 10^, 

It is advantageous to have the angles of inclination (6^3%) of the rotating discs la, lb in the same 
plane and of substantially the same amount (Q^- 65 = 9) but in opposite directions. In this case, 
the forces due to the tilt of the mirrors and their windage cancel on the axis of rotation 7. With 
the configuration shown in Figure 3, the incident beam of radiation 4 is scanned through an angle 
of ±49 (where 9 is the angle of inclination of the mirrors to the normal to the axis of rotation 7), 
Therefore, for example, an inclination of 4° produces a total field of view of 32^ in the scene. 

After radiation 4' has been reflected fi'om the two reflecting discs la, lb, it is focused by the 
collection optics 5 onto the receiver 6 of the imaging system. The receiver 6 may typically be 
one or more millimetre wave detectors in an array. A temporal encoded form of the image is 
recorded by the detector or detectors in the image plane and, from a knowledge of the scan 
pattern, a two dimensional image may be unfolded from the temporal encoded signal or signals. 

For particular disc angular velocities and phases the resulting scan pattern is a raster scan. For 
reasons associated with the way the eye processes a moving image, a raster scan may be the most 
desirable form of scan. Furthermore, using a raster scan a linear array of detectors could be used, 
each detector recording one or several lines in the image. This architecture eases the unfolding of 
the data to form the required image. 
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For example, with the two discs (Figure 3) rotating at the same speed, the resulting scan is a line 
scan in one dimension. The second dimension in the image may be formed by a linear array of 
detectors positioned at 90° to the line scan. In this case the number of image pixels in one 
direction would be the same as the number of detectors. 

In an altemative embodiment of the scanning apparatus, the two rotating discs may be replaced 
with just one rotating disc 1, as shown in Figure 4, further reducing the size of the entire 
apparatus. In this configuration, the apparatus also comprises a 90° (n/2) roof reflector 9. 

The construction of the roof reflector 9 is described with reference to Figure 5. The roof reflector 
9 may comprise two flat reflective surfaces 10a, 10b which are inclined at substantially 90° to 
each other and are in contact along an apex 11. In the figure, a hypothetical line 12 is drawn 
between the two reflective surfaces 10a, 10b, wherein the line 12 is substantially orthogonal to 
the apex 1 1 . The line 12 shall hereinafter be referred to as the line of intersection of the two 
surfaces 10a, 10b. 

Referring to Figure 4, radiation 4 fi-om the scene is incident on the disc 1 and is reflected to the 
90° {n/2) roof reflector 9 where it reflected back to the rotating disc 1 and then reflected to the 
collection optics 5 of the imaging system, via a beam splitter 13 which separates the path of 
incoming and outgoing radiation. Although it is preferable to separate the path of input radiation 
4 fi:om the path of output radiation 4\ in some operating configurations it may not be essential 
and the beam splitter 13 may be omitted firom the apparatus shown in the Figure 4. 

As in the previous example, the rotating disc is inclined slightly to the normal to the axis of 
rotation 6 by an angle 6. Typically, the angle of inclination, 9 , may be 5°. Using this 
configuration, an almost linear angidar scan (as shown in Figure 2(b)) is achieved in a plane 
parallel to the line of intersection 12 of the two reflective surfaces 10a, 10b. 
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Although it is preferable to use a roof reflector in this arrangement, two independent reflective 
surfaces may also be xised, where the two reflective surfaces are inclined such that they are at an 
angle of substantially 90° to each other but are not necessarily in contact. This arrangement, 
however, would result in a loss of some radiation reflected from the disc to the reflective 
surfaces. 

The beam splitter 13 may be a conventional polarising mirror and provides a means of separating 
output radiation 4\ for transmission to the imaging system, from input radiation 4. A 
conventional polarising mirror typically consists of a flat transparent plastic sheet with closely 
spaced, thin, parallel conducting wires. If the wires are oriented at an angle of 45** {id A) to 
incident radiation, only 45** linear polarised radiation is transmitted. The parallel conducting 
wires of the polarising mirror are oriented at an angle of 45® to the incident radiation 4, and 
therefore only 45** linear polarised radiation therefore propagates to the roof reflector 9. 
Transmitted radiation is therefore incident at the roof reflector 9 with its polarisation inclined at 
45** to the line of intersection 12 of the two reflective surfaces 10a, 10b. Radiation 4 experiences a 
90° rotation of its direction of polarisation on reflection at the roof reflector 9 and is transmitted 
to the reflective disc. 

Upon reflection from the rotating disc 1 for this second time radiation is therefore -n/4 linearly 
polarised and is subsequently reflected by the polarising mirror 13 and passed to the collection 
optics 5. The polarising mirror 13 is therefore transparent for incoming radiation polarised in a 
direction perpendicular to the direction of the conducting wires and is reflective for incoming 
radiation polarised parallel to the direction of the conducting wires. The arrangement shown in 
Figure 4 would therefore only allow a smgle polarisation to be detected at the receiver 6. 

In this embodiment, the rotating disc 1 has to be over-dimensioned compared to the aperture of 
the collection optics 5, firstly because its axis of rotation is inclined to the direction of the 
incident and reflected beams and secondly because there is a significant displacement of the 
beam from its mean position as the minor rotates about its axis. 
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Both of these effects may be overcome by placing the rotating disc 1 close to the roof reflector 9, 
as shown in Figure 6. As in the previous examples, the normal to the rotating disc 1 is slightly 
inclined at an angle, 6, to the axis of rotation 7. In this configuration, the scanning apparatus 
includes a polarising roof reflector 14 comprising two substantially flat polarisers 15a, 15b 
inclined at substantially 90^ to each other. The two polarisers 15a, 15b take the place of the two 
reflective sxirfaces 10a,10b in Figure 5. The polarisers 15a,15b have polarisation axes oriented to 
transmit radiation having substantially the same polarisation and substantially parallel or 
perpendicular to the line of intersection 12 of the two polarisers 15a,l 5b, therefore substantially 
perpendicular or parallel to the apex 1 1 (see Figure 5). As mentioned previously, it would also be 
possible to use two independent polarisers in place of the polarising roof reflector, where the two 
polarisers are inclined at substantially 90° but are not necessarily in contact. 

In this embodiment, the scanning apparatus also comprises a Faraday rotator 16 for rotating the 
direction of polarisation of radiation by 45° (7c/4). Radiation incident on the Faraday rotator 16 
undergoes a rotation in its direction of polarisation each time it passes through (i.e. 45° rotation 
per pass). Radiation 4 having one particular direction of polarisation is input through the roof 
reflector 14 to the Faraday rotator 16. Radiation is reflected by the rotating disc 1 and its 
direction of polarisation is therefore rotated by a further 45° as it is transmitted back through the 
Faraday rotator 16. The radiation is then reflected at the roof reflector 14 and experiences a 
further total rotation in its direction of polarisation of 90° as it passes back and forth through the 
Faraday rotator 1 6, while being reflected for a second time at the rotating disc 1 . At this point, 
the direction of polarisation is such that radiation 4' is able to pass through the roof reflector 14. 

Alternatively, the Faraday rotator 16 may be replaced with a millimetre wave birefringent 
surface, such as a Meander-line. For incident plane polarised radiation, which may be resolved 
into two perpendicular components each oriented at 7i/4 (45°) to the direction of polarisation of 
the incident beam, a meander line may be constructed to introduce a 90° {n/2) phase shift 
between the two perpendicular components. A 90° (n/2) phase shift is therefore introduced in the 
state of polarisation of radiation each time radiation passes through the Meander-line. Further 
details relating to Meander-lines may be found in the following references; L Young et ai, IEEE 
Transactions on Antennas and Propagation, vol AP'21, pp 3 76-3 78, May J 9 73, and R-S Chu et 
al, IEEE Transactions on Antennas and Propagation, vol AP'35, No 6, pp 652''66I, June 1987, 
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Having passed through the roof reflector 14, plane polarised radiation incident on the Meander- 
line is therefore circularly polarised. The circularly polarised radiation is reflected from the 
rotating disc 1 and passes back through the meander line to the polarising roof reflector 14 where 
it is reflected on the first pass, back through the Meander-line and the reflective disc, but is 
transmitted on the subsequent pass. 

In practice, a number of Meander-lines may need to be used in a stacked configuration to give 
the required nl2 phase shift between the two axes. The Meander-lines may be more suitable for 
use in millimetre wave imaging at the long wavelength end of the wave band (e.g. 35 GHz). 

The path of output radiation 4' reflected from the scanning apparatus is separated from the input 
radiation 4 using an inclined flat polariser 17 and an additional 45** Faraday rotator 18. Output 
radiation 4' is therefore separated from the path of input radiation 4 and is directed to the 
collection optics 5 of the imaging system. In this configuration, it is essential that the polariser 17 
reflects radiation at substantially 45° to the direction of polarisation transmitted by the two 
polarisers 15a, 15b (i.e. at 45° to the apex 1 1). When using this roof reflector 14 the direction of 
the scan at the imager is parallel to the line of intersection 12 of the two polarisers 14a, 14b of the 
roof reflector 15. In this configuration, the imaging system will detect a single polarisation state 
only. 

Although it is preferable to separate the path of input radiation 4 firom the path of output 
radiation 4', in some operating configurations it may not be essential and the polariser 17 and the 
Faraday rotator 1 8 may therefore be omitted from the apparatus shown in the Figure 6. 

Figxire 8 is a modification of Figure 6 and includes powered optical components to enable 
focused radiation to be passed directly to the receiver 6. For example, Figure 7 shows a reflector 
lens 19 which may be included in the scanning apparatus. The reflector lens 19 comprises three 
elements; two polarising elements 20,22 (alternatively referred to as polarising reflectors) and a 
Faraday rotator 21 which rotates the plane of polarisation of radiation passing through by 45°. 
The arrows 23,24 indicate the direction of polarisation of radiation transmitted by the elements 
20 and 22 respectively. 
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For the purpose of this description, the elements 20,21,22 may also be referred to as surfaces 
20,21,22. Although the surfaces 20,21,22 are illustrated in Figure 7 as having curved surfaces, 
this is not essential. For example, at least one of the surfaces 20,21,22 may have a substantially 
planar surface. 

The arrows shown along the path of radiation 4 indicate the direction of polarisation as the 
radiation is transmitted through the reflector lens 19. Radiation 4 is incident on the first element 
20 where one direction of polarisation is transmitted (i.e. radiation having a its direction of 
polarisation vertically in the plane of the paper). Radiation transmitted by the first element 20 
passes through the second element 21 which rotates the direction of polarisation by 45^. For 
example, the second element may be a 45** Faraday rotator. The polarisation of radiation incident 
at the third element 22 is perpendicular to the polarisation state which is transmitted by the 
surface 20 and is therefore reflected. On the return path, radiation undergoes a ilirther rotation of 
45** in its direction of polarisation as it passes through the second element 2 1 . The direction of 
polarisation is now perpendicular to the transmission axis of the first element 20 and so the 
radiation is reflected. The reflected beam undergoes a further rotation of 45" as it passes through 
the second element 21 and its polarisation is such it is then transmitted, and ou^ut from the 
reflector lens 19, by the third element 22. Hence, the operation of the lens arrangement 19 is such 
that one polarisation passes through the lens without any focussing effect but when the same 
polarisation passes through a second time, on the return path, it is focussed. The non-recipirocal 
nature of the lens is achieved by using a Faraday rotator inside the arrangement. 

Figure 8 shows the still more compact scanning apparatus, including the reflector lens 19 shown 
m Figure 7. The reflector lens 19 is situated directly in fi-ont of the roof reflector 14. If the 
surfaces of 20,21,22 are of appropriate shape, radiation transmitted through the reflector lens 19 
will be focused. Incoming mdiation 4, having the correct direction of polarisation, is transmitted 
through the reflector lens 19 and suffers no deviation while outgoing radiation 4' is focused 
directly to the receiver 6. 
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When the polarising roof reflector 14 is employed, the beam of radiation incident on the rotating 
disc 1 undergoes a considerable displacement along the length of the rotating disc 1. Referring to 
Figure 9, it is possible to replace the single roof reflector 14 with a series of roof reflectors 25 of 
smaller dimension so that upon reflection from the rotating disc 1 radiation is displaced by a 
reduced amoimt (the path of radiation is not shown for clarity), therefore reducing the size of the 
scanning apparatus still further. Again, the reflector lens 19 may be used to focus outgoing 
radiation 4* directly to the receiver 6. 

The rotating disc 1 in Figure 9 may be slightly concave. In this case, it is possible to achieve the 
near linear open scan pattern shown in Figure 10. This open scan pattern enables the number of 
television lines obtained with the scan pattern in Figure 2(b) to be doubled. For example, for a 
detector array comprising a number of detector elements separated by a pitch distance, rf, 
matching the width, w, of the open scan pattern to half of the detector pitch, rf, enables an 
interlaced pattern to be obtained. Hence the maximum spatial frequency performance may be 
achieved. This is analogous to the microscan technique used in infrared imaging [D.l Bradley 
andP,N. J. Denis, ''Sampling effects in HgCdTe focal plane arrays in IR technology and 
applications " (Ed LR. Baker and A, Mason), Proc. SPIE vol 590 pp 53-60 (1985)], 

The use of multiple roof reflectors in the arrangement of Figure 9 can introduce phase changes 
which impair the spatial resolution of the imager. It may tiierefore be preferable to sacrifice the 
benefit of the reduced size of the apparatus in Figure 8 and to use only a single roof reflector, as 
shown in Figure 8. However, the configuration shown in Figure 8 can lead to pupil wander due 
to the displacement of an incoming beam 4 by the disc 1 and the roof reflector lSa,lSb 
arrangement and therefore the effective pupil area of the system is reduced. 

The apparatus may also be configured to provide a conical scanning system, rather than a raster 
scan. One configuration for achieving this is shown in Figure 11. This arrangement provides 
advantages over the apparatus shown in Figure 8 in that it is more compact and does not give rise 
to pupil wander. It also has a much improved spatial resolution over the apparatus, of Figure 9. 
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The arrangement shown in Figure 1 1 comprises a detector array 30 having a number of detector 
elements 3 1 , a reflector lens 1 9, and a rotating plate or disc 1 . The disc 1 typically rotates about 
an axis passing through its centre at an angle of inclination of a few degrees to the normal to the 
axis, say 5°, as described previously. The reflector lens 19 has the structure described with 
reference to Figure 7 and comprises a polarising reflector element 20 (e.g. a vertical wire grid), a 
45** Faraday rotator 21 and a polarising reflector element 22 (e.g. a 45^ wire grid). The elements 
may have curved surfaces as shown in Figure 7. Alternatively, one or two of the elements may 
have a plane surface. 

The operation of the reflector lens 19 is such that incident radiation 4 of one polarisation, in this 
case horizontal polarisation, passes through the lens arrangement without any focussing effect, as 
described previously, whereas on passing through the lens for a second time, &om the opposite 
direction, it is focussed. 

A single detector element 32 in the detector array 30 traces out a circular scan pattern. As the 
detector elements 3 1 lie adjacent to one another, the image formed is a series of displaced circles, 
as shown in Figure 12. As the reflector lens 1 9 can be placed between the detector array 30 and 
the rotatable disc 1 the scanning system is compact. In conventional arrangements, scanning 
optics have to be located apart from the focussing components which can make such systems 
inconveniently large. 

In a particular embodiment of the arrangement shown in Figure 1 1 , the polarising element 20 
may have a substantially flat surface and the polarising element 22 may have a substantially 
spherical surface, this spherical surface having a radius of curvature R and thus a focus at a 
distance R/2 from the spherical siuface. In this embodiment, the elements 3 1 of the detector array 
30 form part of a spherical surface having half the radius of curvature (R/2) of polarising element 
22 and being concentric with it. The detector elements 31 may be fed by horns in which case the 
apparatus is arranged such that the focus (i.e. at R/2) of polarising element 22 is located within 
the dimension of the horn. As a further refinement, a corrector plate may be placed between the 
rotatable disc 1 and the polarising element 22 to remove spherical aberrations from the image 
formed at the detector array 30. 
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In any of the arrangements shown in Figures 8, 9 or 1 1 two or more reflector lenses 19 may be 
included in series. 

For some applications the conical scanning apparatus shown in Figure 1 1 may be preferred over 
the Figure 8 and 9 configurations, even at the expense of the more complex conical scan pattern. 
In practice, the preferred configuration of the apparatus will depend on the particular application 
for which it is to be used. 

Whilst the scanning apparatus has been described with reference to millimetre wave imaging in 
particular, it may also be applicable to other radiometry systems. The technique of transmitted 
high powered mdio waves to a scene and analysing radiation transmitted back to a radar receiver 
is well known. For example, by scaiming radiation transmitted back to the radar receiver using 
the scanning apparatus, the need for large, moveable receiver elements employed in radar 
systems is removed. The input radiation to the scanning apparatus is therefore the radiation 
reflected from the scene which is transmitted to the scene by the radar transmitter. For the 
purpose of this specification the phrase "radiation from a scene" shall therefore be taken to mean 
radiation emitted by» reflected from or transmitted from a scene. 
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Claims 



1 . Apparatus for scanning radiation from a scene and for generating output radiation for input to 
a receiver system comprising; 

a first rotatable reflective plate, for receiving and reflecting radiation, having an axis of rotation 
passing substantially through the centre of the plate, wherein the axis of rotation is inclined at a 
non-zero angle Oa to the normal to the reflective plate, 

rotary means for rotating the reflective plate, 

secondary reflection means for receiving and reflecting radiation and 

static reflection means for receiving radiation reflected from the first rotatable reflective plate 
and reflecting radiation towards the secondary reflection means, 

characterised in that the secondary reflection means is a second rotatable reflective plate having a 
common axis of rotation with the first rotatable reflective plate, wherein the common axis of 
rotation is mclined at a non-zero angle 65 to the normal to the second reflective plate. 

2. The apparatus of claim 1, and also including a millimetre wavelength imaging camera. 

3. The apparatus of claim 1, and also including a radar receiver. 

4. The apparatus of any of claims 1-3 wherein the normals to the first and second inflective plates 
are inclined in substantially the same plane and at substantially equal angles to the common axis 
of rotation and in substantially opposite directions. 



5. The apparatus of claim 4 wherein the angles of inclination 9^, are between 1*^ and 10°. 
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6. The apparatus of claim 4 or 5 wherein the static reflection means comprise a plane mirror 
having a reflective surface substantially parallel to the common axis of rotation. 

7. The apparatus of any of claims 1-3, wherein the secondary reflection means is the first 
rotatable reflective plate. 

8. The apparatus of claim 7 wherein the axis of rotation is inclined at an angle of between 1^ and 
1 0** to the normal to the reflective plate. 

9. The apparatus of claim 7 wherein the static reflection means include two reflective surfaces 
inclined at substantially 90° to each other. 

10. The apparatus of claim 9 wherein the two reflective surfaces form a roof reflector and are in 
contact along an apex, 

1 1 . The apparatus of claim 9 or 1 0 and fiirther comprising a polarising mirror arranged to reflect 
output radiation to the receiver system. 

12. The apparatus of claim 1 1 wherein the polarising mirror is a sheet of plastic material 
comprising a plurality of parallel conducting wires, wherein the parallel conducting vnrts are 
oriented at substantially 45° to the apex of the roof reflector. 

13. The apparatus of claim 7 wherein the static reflection means include two polarisers, each 
having a polarisation axis, wherein said polarisers are inclined at substantially 90° to each other. 

14. The apparatus of claim 13 wherein two polarisers form a polarising roof reflector and are in 
contact along an apex, 

wherein the polarisation axes of the polarisers are oriented to transmit radiation having 
substantially the same direction of polarisation wherein the direction of polarisation is 
substantially parallel or substantially perpendicular to the apex. 
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15. The apparatus of claim 7 wherein the static reflection means comprise a plurality of 
polarising roof reflectors, each comprising two polarisers and each polariser having a 
polarisation axis, wherein the polarisers are inclined at substantially 90** to each other and are in 
contact along an apex, 

wherein the polarisation axes of the polarisers forming each roof reflector are oriented to transmit 
radiation having substantially the same direction of polarisation wherein said direction of 
polarisation is substantially parallel or substantially perpendicular to the apexes. 

16. The apparatus of claim 14, and further comprising a first Faraday rotator, situated between 
the polarising roof reflector and the rotatable reflective plate, for rotating the direction of 
polarisation of radiation through substantially 45** each time the radiation passes through the 
Faraday rotator, 

such that the radiation having a particular direction of polarisation may be output through the 
polarising roof reflector. 

17. The apparatus of claim 14, and further comprising; 

one or more birefiingent surfaces situated between the polarising roof reflector and the rotatable 
reflective plate, for receiving radiation in a state of polarisation, P5, 

whereby the one or more birefringent surfaces introduce a substantially 90** phase shift in the 
state of polarisation, P^, each time radiation passes through the one or more birefringent surfaces, 
such that radiation having a particular direction of polarisation may be output through the 
polarising roof reflector. 



18. The apparatus of claim 17, wherein the one or more birefringent surfaces are Meander-lines. 
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19. The apparatus of any of claims 15-18, and further comprising means for selectively 
transmitting radiation input to the apparatus having a particular direction of polarisation and for 
selectively reflecting radiation output from the apparatus having a particular direction of 
polarisation. 

20. The apparatus of claim 19 comprising; 

a second Faraday rotator for rotating the direction of polarisation of radiation output from the 
polarising roof reflector through substantially 45^ 

and also comprising a second polariser, wherein the second polariser has an axis of polarisation 
inclined at substantially 45^ to the apex or apexes of the one or more polarising roof reflectors. 

21. The apparatus of claim 7 or 16, comprising a lens arrangement for selectively transmitting 
and focusing radiation having a particular direction of polarisation. 

22. The apparatus of claim 21 wherein the lens arrangement is a reflector lens comprising; 

a first polarising surface having a polarisation axis, for selectively transmitting and selectively 
reflecting radiation having a particular direction of polarisation, 

a second surface for rotating the direction of polarisation of radiation through substantially 45^ 
and 

a third polarising surface for selectively reflecting and selectively transmitting radiation, 

wherein the third polarisation axis makes an angle of substantially 45° with the first polarisation 
axis. 



23. The apparatus of claim 21 or 22 comprising two or more lens arrangements arranged in 
series. 
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24. The apparatus of claim 7 and claim 21 or 22, wherein the static reflection means form part of 
the lens arrangement, the apparatus being arranged to provide a conical scanning apparatus. 

25. The apparatus of claim 24, wherein the first polarising surface has a substantially flat surface 
and the third polarising surface has a substantially spherical surface having a radius of curvature, 
R, 

and also comprising a detector array forming part of a spherical surface having half the radius of 
curvature of the spherical surface of the third polarising surface and being concentric with it. 

26. The apparatus of claim 25, and further comprising a corrector plate located between the 
rotatable disc and the third polarising surface for removing spherical aberrations from an image 
formed at the detector array. 

27. A reflector lens comprising; 

a first polarising surface having a polarisation axis, for selectively transmitting and selectively 
reflecting radiation having a particular direction of polarisation, 

a second surface for rotating the direction of polarisation of radiation through substantially 45** 
and 

a third polarising surface for selectively reflectmg and selectively transmitting radiation, 

wherein the third polarisation axis makes an angle of substantially 45** with the first polarisation 
axis. 

28. The reflector lens of claim 27, wherein at least one of the first, second or third surfaces has a 
curved surface. 
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